Older people are continuing to fall despite fall prevention guidelines targeting known falls' risk factors. Multisite pain is a potential novel falls' risk factor requiring further exploration. This study hypothesises that: (1) an increasing number of pain sites and widespread pain predicts self-reported falls and falls recorded in primary and secondary healthcare records;
Introduction Despite a myriad of international falls prevention guidelines targeting known fall's risk factors [1, 2, 3] , falls remain a common experience of ageing with worldwide; 12 month prevalence estimates for falls in older people approximately 20% [4, 5, 6] . Falls prevalence and their associated burden is set to increase with global population ageing; the number of older adult fatal falls in the US is projected to reach 100,000 annually by 2030 with a corresponding increased estimated annual cost of $100 billion to the US healthcare system [7] . Multisite pain (pain in more than one part of the body) has been proposed as a novel falls' risk factor; older adults reporting multisite pain were found to have an increased risk of future self-reported fall at 18 months [8] . Subsequent studies have found similar results when measuring the risk of multisite pain and self-reported fall in the previous 12 months [9, 10, 11] . The bias associated with self-reporting of falls [12] and the dearth of studies exploring the relationship between multisite pain and falls requiring primary healthcare use or hospitalisation mean further research is required to explore the relationship between multisite pain and falls of all severity to enable this potential falls' risk factor to be included in updated falls prevention strategies internationally.
Using a combination of self-report and routinely collected healthcare data, this study tests the hypotheses that within a community-dwelling population of older people: (1) an increasing number of pain sites and widespread pain would predict self-reported falls and falls recorded in primary and secondary healthcare records; and (2) those relationships would be independent of known falls risk factors that may act as confounders.
Materials and methods

Study design and participants
The study linked self-completed questionnaire data from an existing prospective cohort study called the North Staffordshire Osteoarthritis Project (NorStOP) [13] , with routinely collected primary and secondary health care records and mortality data. The NorStOP cohort. The NorStOP sampling frame comprised all individuals aged 50 years and older who were registered with one of eight general practices in North Staffordshire, United Kingdom (n = 26,705). Self-completion questionnaires were mailed to the eligible population (n = 26, 129) in three recruitment waves between April 2002 and April 2005. Responders to the baseline postal survey (n = 18,497) were mailed out further surveys at three and six years.
Routinely collected data from primary and secondary electronic health records. In the United Kingdom, consultations within a primary care setting are routinely recorded within primary care electronic health records using standardised Read Codes [14] (a coded thesaurus of clinical terms [15] ) and accompanying free-text; prescribing information is also recorded. Hospital Episode Statistics (HES) data, a comprehensive record-based system that contains identifiable patient information from all National Health Service (NHS) Trusts in England [16] uses the International Classification of Disease version 10 to record diagnosis-related information. The HES Admitted Patient Care dataset was used to capture information about falls that required inpatient admission. The Office for National Statistics dataset contains identifiable patient information on cause of death as detailed on the death certificate [17] . Data linkage. NorStOP responders at baseline who consented to medical record review (n = 13,831) had their primary care electronic health record, HES admission data and mortality data linked to baseline, 3 year and 6 year survey responses by sending individual level identifiable information (NHS number, postcode, date of birth, sex) and a unique pseudoidentifier to the NHS Information Centre (now NHS Digital). Linked records were returned with the pseudo-identifier to the data custodian; 854 respondents had their records returned unmatched.
Variables, data sources and measurement
Multisite pain. Participants were asked in the baseline questionnaire if they had 'experienced any pain lasting at least one day, during the past month'; 'yes' or 'no' responses were recorded. Pain included ''any ache, discomfort or stiffness" and excluded pain caused by feverish illness or menses. Respondents answering 'yes' were asked to indicate their pain site(s) on a body manikin that identified 44 discrete non-overlapping anatomical areas [18] . The number of pain sites equalled the number of discrete shaded areas on the manikin. Pain pattern was categorised according to widespreadness. 'Widespread pain was defined as pain identified in the axial skeleton plus pain above and below the waist plus left and right-sided pain' [19, 20] . Respondents indicating pain that did not fulfil widespread pain criteria were categorised as 'some pain'; respondents indicating no pain were categorised accordingly.
Falls. Self-reported falls data was extracted from survey responses. Respondents were asked at baseline, three and six year follow-up if they had 'suffered from a fall or falls in the past three months'; yes or no responses were recorded. Data on falls requiring primary healthcare was extracted from primary care electronic health records using Read Codes relating to falls extracted from the NHS Clinical Terminology Browser and confirmed by a group of 17 practising general practitioners; Read Codes included '16D..', 'U10..', 'TC. . .' (S1 Table con tains the complete list of Read Codes used). Data on falls requiring secondary care admission were extracted from HES Admitted Patient Care using the International Classification of Disease version 10 codes W01, W05, W06, W07, W08, W10, W17, W18 and W19.
Potential confounders and effect modifiers: Covariates. Covariates were selected following a literature review of falls risk factors and consideration of covariates that had been included in publications identified in a systematic review and meta-analysis investigating multisite pain and falls [21] . The details of the health survey used in the NorStOP cohort studies have been published previously [13] .
Socio-demographic characteristics: Participants' age and sex were obtained from primary care electronic health records. Age was treated as a continuous variable and dichotomised into adults aged 50-64 years and adults aged 65 years and older. Socio-economic status was determined using self-reported educational attainment (further education beyond aged 16 years), self-reported occupational status (according to the Office for National Statistics categories [22, 23] ) and self-reported income adequacy or inadequacy to measure individual status over the life course [24] . The Index of Multiple Deprivation was used to measure area-level socioeconomic status [25] .
Physical health measures: Multimorbidity was measured using the Charlson Comorbidity Index, a measure that takes into account the number and seriousness of co-morbid conditions to predict all-cause mortality at one year [26, 27] . The Charlson Comorbidity Index has been validated in different populations and has been shown to be a valid summary co-morbidity measure for use in epidemiological studies to predict outcome [28] . Each respondent is scored according to the presence of the listed diagnostic categories as indicated by Read Codes in the primary care electronic health records. The Charlson Comorbidity Index scores range from 0-33; the highest score in the study sample was 8. The measure was treated categorically, with categories of 0, 1-2 and 3-8 respectively dichotomized at the mean value excluding zero. Vision, hearing and dizziness were measured using the baseline NorStOP survey responses to dichotomously self-reported problems over the past three months with 'eyesight (excluding the need for glasses)', 'deafness', and 'dizziness or unsteadiness'. Body mass index was calculated using self-reported height and weight from the baseline NorStOP survey. Body mass index was included in analyses as a continuous variable, and categorised according to the World Health Organisation [29] as below 18.5 (underweight), 18.5-24.9 (normal weight), 25.0-29.9 (pre-obesity), 30.0-34.9 (obesity class I), 35.0-39.9 (obesity class II) and 40 or greater (obesity class III) to describe study participant characteristics.
Mental health measures: Anxiety and depression were measured using the Hospital Anxiety and Depression Scale [30] . The Hospital Anxiety and Depression Scale is a valid measure for anxiety and depression case finding, and for assessment of symptom severity; it also performs well in a primary care setting [31] . The Hospital Anxiety and Depression Scale was used as a continuous measure in analysis (range 0-21). A categorical measure to describe study participant characteristics used cut off points according to the literature [32] of 0-7 (no clinical anxiety or depression), 8-10 (borderline) and 11 or over (clinical caseness of anxiety or depression). The NorStOP survey used the alertness behavioural subscale of the Sickness Impact Profile [33] to measure subjective cognitive complaint. The scale asks questions about multitasking, minor accidents, reaction times, task completion, problem solving, orientation, forgetfulness, attention span, mistakes and concentration skills. Each question is weighted and summed to provide an overall score from 0 to 100. The score was analysed on a continuous scale and as categorical data to describe participant characteristics. The categories were 0 (no cognitive complaint), 1-14 (mild cognitive complaint), 15-38 (moderate cognitive complaint), and 39-100 (severe cognitive complaint); categories were generated based on 33% of participants in each non-zero category, as used in published research [34] . Although not measuring cognitive impairment, recorded difficulties with each component of the alertness behavioural subscale of the Sickness Impact Profile score is indicative of cognitive impairment, defined as the 'symptomatic pre-dementia stage on the continuum of cognitive decline, characterised by objective impairment in cognition that is not severe enough to require help with usual activities of daily living' [35] .
Medication covariates: Prescription information for the three months prior to baseline survey distribution was extracted from primary care electronic health records. Total medication count, measured continuously, was derived from the number of different British National Formulary sub-chapter codes [36] . Analgesic use was categorised according to published research as (0) no analgesics, (1) basic analgesics (paracetamol), (2) weak combination opioids, (3) moderate combination opioids and opioids, (4) strong combination opioids and opioids, (5) very strong single opioids [37] ; the highest numerical category was taken to represent analgesic use in respondents. Non-steroidal anti-inflammatory drug use (NSAID) was recorded dichotomously.
Physical functioning: Physical functioning is measured in the NorStOP survey using the Medical Outcomes Study SF-36 Physical Functioning subscale, with ten separate items and an overall component score [13, 38] . The single item "Does your health limit you in walking 100 yards?" was used to measure physical functioning with answers categorised as 'no, not limited', 'yes, limited a little', and 'yes, limited a lot'. The single item was used as this has been found to measure the most severe level of mobility limitation, previous research has used this single item to measure mobility limitation [39] , and it has been suggested that combining items from the physical functioning subscale of the Medical Outcomes Study SF-36 may be mathematically flawed [40, 41, 42] .
Statistical analysis
Self-reported falls period prevalence was estimated over the three months prior to baseline survey return. Period prevalence of falls requiring primary healthcare use or secondary healthcare (hospital) admission was measured from the start of respondents' corresponding baseline survey mail out until the end of the six year follow-up for respondents who completed all followup surveys. For respondents who did not complete three year follow-up, their study period ended at the end of the corresponding three year survey mail out period. The number of respondents who had ever had a fall recorded in their primary care electronic health record or secondary care admission data was used as the numerator.
Logistic regression was used to examine the association between multisite pain and selfreported falls amongst respondents with complete follow-up (n = 4386). Pain was modelled as either number of pain sites or widespreadness. Multivariable logistic regression models examined the odds of self-reporting a future fall at three or six years associated with baseline pain status whilst taking account of baseline covariate measures.
Step-wise models were built, starting with the unadjusted model and then adding in covariate groups (socio-demographics, physical health measures, mental health measures, medication, physical functioning, and history of baseline self-reported fall) until all covariates were included in the model.
All variables were maintained in the model to maximise clinical relevance; excluding nonstatistically significant variables would reduce clinical applicability. All covariates were interacted with pain. All socio-demographic covariates were interacted with physical health, mental health, medication and physical functioning. All physical health covariates were interacted with all mental health, medication and the physical functioning covariate. All mental health covariates were interacted with all medication and the physical functioning covariate. All medication covariates were interacted with the physical functioning covariate. Interaction terms with p<0.05 on testing were added to the full model and the likelihood ratio test used to compare the model containing the interaction terms and the model with no interaction terms. A likelihood ratio test yielding a p-value <0.05 indicated the model containing the interaction terms must be used to draw conclusions.
Cox proportional hazards models tested the association between multisite pain and future falls requiring primary healthcare use and falls requiring hospital admission. Pain was entered into the model as either the number of pain sites or widespreadness. Univariable associations were first tested using log-rank test for equality of survivor functions and Kaplan-Meier curve generation to assess time to first fall event for categorical data; Cox proportional hazard models with a single predictor variable was used for continuous data. All covariates were added to the Cox proportional hazard model using the stepwise approach described for the logistic regression; interactions and likelihood ratio testing were applied as described. Proportionality assumption for Cox proportional hazard models was checked using Schoenfeld residuals and by including a time-dependent variable by time interaction in the model. Stata 14 (Statacorp, College Station, Texas) was used for analysis.
A sensitivity analysis was performed to investigate the relationship between multisite pain, and future falls requiring primary healthcare and hospital admission within the sample with complete follow up (n = 4,386), the sample less susceptible to missing data.
Results
The baseline sample contained 11,375 respondents; 4386 had complete baseline pain and falls data and completed six year follow-up ( Fig 1) . Table 1 presents baseline sample study characteristics according to baseline pain status. The sample completing follow-up (n = 4,386) were younger, lived in less deprived areas, had less depression (there was no difference in anxiety levels) and physical morbidity, fewer medications and strong analgesics prescribed, and were less limited in physical functioning than the baseline sample (p<0.05). At baseline, 26.6% (n = 3026) of respondents reported no pain, 5.3% (n = 605) reported single site pain, 68.1% Pain medication (Continued ) (n = 7744) reported pain in two or more sites and 26.9% (3062) met the criteria for widespread pain; the median number of pain sites was 4 (interquartile range 0-9). 12.5% (1417) respondents self-reported a fall in the baseline survey, 14.4% (1056) in the three year follow-up survey and 14.2% (685) in the six year follow-up survey. 783 (6.9%) respondents had at least one fall requiring primary healthcare use and 804 (7.1%) respondents had at least one fall requiring hospital admission. Table 2 presents the unadjusted odds ratios (OR) and hazard ratios (HR) (with 95% confidence intervals) for each fall classification. Table 3 presents the adjusted OR and HR (with 95% CIs) for each fall classification according to the number of pain sites and Table 4 presents adjusted OR and HR (with 95% CIs) for each fall classification according to widespread pain status. Table 3 shows an increasing number of pain sites at baseline remains associated with increased odds of a future fall at three years (OR 1.12 (1.01-1.24) p = 0.037) and six years (OR 1.02 (1.00-1.03) p = 0.035) for each unit increase in pain site number. An increasing number of pain sites at baseline was statistically significantly associated with future falls requiring primary healthcare in the unadjusted model; the adjusted model reports a HR of 1.01 ((1.00-1.02) p = 0.106). The baseline number of pain sites was not associated with future falls requiring hospital admission in either the unadjusted or adjusted analyses. The presence of widespread pain at baseline was associated with three year self-reported fall in the unadjusted analysis (OR 2.96 (2.31-3.80) p<0.001) and the adjusted model (OR 1.27 (0.92-1.75) p = 0.143), although the relationship in the adjusted analysis did not remain statistically significant. Widespread pain at baseline was associated with increased odds of future six-year self-reported fall with the unadjusted OR 2.90 ((2.27-3.70) p<0.001) and the adjusted OR 1.43(1.06-1.95) p = 0.021). The presence of 'some pain' at baseline was associated with a 26% increase in risk of future falls requiring primary healthcare use (HR 1.26 (1.01-1.57) p = 0.048) and baseline widespread pain had a 27% risk of future fall requiring primary healthcare use (HR 1.27 (0.98-1.65) p = 0.094). Widespread pain at baseline was not associated with future fall requiring secondary healthcare (adjusted HR 0.98 (0.77-1.25) p = 0.907).
Each fall category has a different set of predictors. Increasing age, being female and selfreported falls at baseline is associated with all types of fall. Increasing cognitive complaint at baseline predicts self-reported falls and fall requiring primary healthcare. Increasing total 2-8 p = 0.121 0.53 (0.32-0.87) p = 0.011 p = 0.259 0.90 (0.59-1.36) p = 0.611 p = 0.423 1.03 (0.78-1.37) p = 0.812 p = 0.778 1.16 (0.89-1.51) p = 0.279 BMI 1.03 (1.00-1.05) p = 0.023 1.00 (0.98-1.02) p = 0.988 0.99(0.98-1.00) p = 0.029 0.98 (0.96-1.00) p = 0.035 medication count at baseline predicts 3 year self-reported fall, falls requiring primary healthcare and falls requiring hospital admission. Analyses were performed using age dichotomized into adults aged 50 to 64 years and adults aged 65 years and older (S2 Table provides further detail). Differences between the age-group analyses and pooled analyses were found for self-reported fall at 3 years, where adults aged 64 years and under had a statistically significant association with the baseline number of pain sites, but the older group did not. The trend towards increasing number of pain sites and selfreported falls at 6 years remained, though the association was no longer statistically significant at p<0.05 level. When age was treated as a continuous variable, baseline widespread pain predicted 6 year self reported fall; this relationship remained in the 65 years and older age group but not for adults aged 64 years and under. In Table 3 , baseline number of pain sites did not predict falls requiring primary healthcare; this association became statistically significant in adults aged 65 years and older. Table 3 presents an association between baseline widespread pain and falls requiring primary health care; this relationship did not reach statistical significance in the age-group analyses. Analysis using age categories did not reveal additional associations with falls requiring hospital admission. Sensitivity analysis (S3 Table provides further details) found no association between the baseline number of pain sites and falls requiring primary health care; predictors for fall requiring primary health care were increasing age, sex and presence of dizziness. There was no association between baseline widespread pain and falls requiring primary healthcare; predictors of falls requiring primary health care in this model were increasing age, sex, moderate combination opioids and moderate opioid analgesics, and dizziness. The baseline number of pain sites was not associated with future fall requiring hospitalization; increasing age, sex, increasing anxiety scores, increasing total medication count and limitation in physical functioning were all predictive covariates. Widespread pain at baseline was not associated with falls requiring hospital admission; predictors of falls requiring hospital admission in this model were increasing age, sex, increasing total medication count, prescription for non-steroidal anti-inflammatory medication and limited physical functioning.
Discussion
Measured as number of pain sites and widespreadness, baseline multisite pain predicted future self-reported fall at three and six years independent of known falls' risk factors and putative confounders. Multisite pain at baseline independently predicted future fall requiring primary healthcare use, though this relationship was attenuated by known falls risk factors and other putative confounders. Multisite pain at baseline did not predict future fall requiring secondary healthcare admission when accounting for known falls' risk factors and other putative confounders.
The present study develops previous observations that multisite pain predicts self-reported falls [8] by accounting for additional known fall risk factors and putative confounders during analysis; it also provides the first exploration of the relationship between multisite pain and future falls requiring primary healthcare use. Multisite pain did not predict falls requiring secondary healthcare admission, a finding supported by a Sweden-based population study exploring multisite pain and injurious falls in older women [43] , however this study did find that older men reporting multisite pain were more likely to experience future injurious fall during a 10 year follow-up [43] .
Although odds ratios and hazard ratios are not directly comparable, the reduction in magnitude of effect in predicting falls requiring primary healthcare use and the loss of effect in predicting falls requiring secondary healthcare admission suggests that, as falls increase in severity, other factors become stronger predictors. In general, the number of predictors decreased as fall severity increased. At the most severe end of the spectrum, falls requiring hospital admission were predicted by three covariates: advancing age, being female and reducing body mass index. These covariates are also risk factors for the development of osteoporosis [44] and thus predict fall-related fragility fractures. The predilection for fall-related fragility fractures in older women compared to older men may also explain the differences in relationship between pain and injurious falls in the Swedish-based study.
Inspecting the differences in falls risk by age-group analysis compared with pooled results, the association between baseline number of pain sites and future 3 year self-reported fall is due to the association in adults aged 50-64 years, perhaps as they have not yet accumulated additional falls risk factors in their life course and are thus more prone to fall as a direct result of pain than their older counterparts. As the study population ages there is no longer a statistically significant relationship between baseline number of pain sites and future self-reported falls at 6 years, perhaps suggesting that during this period other falls risk factors dominate falls risk. The relationship between baseline widespread pain and 6 year self-reported fall is strongest in adults aged 65 years and older, perhaps an indication that, although the number of pain sites is no longer predictive of self-reported falls as other falls risk factors accumulate, the widespread pattern of the pain is more significant than a simple pain site count in contributing to self-reported falls at 6 years in the older old age group. Age group analysis of falls requiring primary healthcare loses the association with a baseline status of 'some pain' and has retained the small degree of statistical significance in adults aged 65 years and older.
The sensitivity analyses confirmed no association between baseline multisite pain and falls requiring primary healthcare and hospital admission in the population with complete follow up (n = 4,386). This is different from the whole sample analysis (n = 11,375) for future falls requiring primary healthcare, where each additional number of pain sites at baseline was found to confer a 1% additional risk of and 'some pain' conferred an additional 26% increased risk. Furthermore, different covariates predicted future healthcare associated fall. Both of these differences may be explained by the difference between study populations. The population with complete follow up were younger, had fewer physical health problems, fewer prescribed analgesics and better physical functioning scores, all likely a consequence of the healthy cohort effect. The difference in multisite pain as a predictor of falls requiring primary healthcare may indicate that, as falls' risk factors are accumulated through the life course, pain becomes more strongly independently predictive of future fall risk. This phenomenon may be explained by the resulting cumulative reduction in an individual's capacity to compensate for situations that may result in a fall, such that a fall occurs. For example, the cognitive processes required to avoid falling are challenged by the presence of pain and can no longer be tempered in the context of polypharmacy, multimorbidity and limited physical functioning. These findings raise the possibility that using the presence of multisite pain as a red flag for further falls prevention is more relevant to individuals who have accumulated other falls risk factors, thus moving towards a stratified approach to falls prevention. Further research is advised to further explore this potential new approach.
This study has examined the prospective relationship between multisite pain and falls using the largest sample in published literature to date. Data linkage between survey responses, primary care electronic health records, hospital admissions data and national mortality data adds a novel methodology to the evidence base around pain and falls.
Despite a comprehensive covariate selection process, the omission of potentially important covariates due to lack of data availability is acknowledged. For example, pain intensity, which has been shown to predict future self-reported fall [8] , might alter the demonstrated relationship between multisite pain and falls and it is advisable to consider including this in future research.
The self-reporting of falls relies on recall over a three month period which has been found to be problematic, particularly for recall at 3 and 6 months [45] . It is therefore possible that self-reported falls were underreported and fallers were misclassified as non-fallers, thus any association between multisite pain and falls may be underestimated. There were fewer falls requiring primary healthcare use than hospital admission during the study period. This may indicate that falls are under-recorded in electronic primary care records, perhaps due to clinicians coding consultations with the cause or consequence of the fall.
Conclusion
Multisite pain must now be added as a falls risk factor in international guidelines to ensure clinicians identify patients at risk of falls due to pain and implement current falls prevention strategies. Exploring the impact of reducing multisite pain upon future falls risk is the next step towards developing novel falls prevention programmes to reduce the burden of falls for adults in middle and older age, their communities and wider society.
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